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 Chapter Two – Analytical Methodology 
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concentrations are determined indirectly by subtracting nitrite concentrations from TON.  
The TON determination is similar to that discussed above for nitrate, although copper / 
hydrozene is used as the reducing agent rather than a cadmium column (HMSO, 1981b).   
 
The analysis of samples for ammonium concentration is conducted using different methods 
for  freshwater  and  saline  samples.    The  freshwater  ammonium  measurements  are 
determined  spectrophotometrically  using  hypochlorite  and  salicylate  reagent  in  the 
presence of sodium nitroprusside.  In contrast the estuarine samples are analysed using 
hypochlorite and phenol in the presence of potassium ferrocyanide (HMSO, 1981a). Chapter Three – Temporal variations 
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At these main channel sites in the River Test, nitrate concentrations between 328 µM and 
568 µM were observed (Figure 3.4a).  This was a much narrower range of concentrations 
than observed from the full dataset (Figure 3.2a).  However, a similar seasonal pattern was 
apparent.  The lowest nitrate concentrations were measured in August 2001, after which 
the levels increased to a peak in February 2002.  The concentrations then proceeded to fall 
until the lowest median nitrate in August 2001.  Towards the end of 2002 nitrate 
concentrations followed a similar pattern to the previous year.   
 
The ammonium concentrations ranged from the limit of detection for the indophenol blue 
method (0.4 µM) to a maximum of 7.4 µM in May 2002 (Figure 3.4b).  Within any month, 
there was a wide range of concentrations between sites.  Seasonal changes in ammonium 
concentrations were not as apparent as in the full dataset (Figure 3.2b) and August to 
December of 2001 and 2002 showed contrasting temporal variations.   
 
DON concentrations at the main channel sites showed no seasonal trends with maximum 
concentrations of 98 µM measured in December 2002 (Figure 3.4c).  From August to 
November 2001 a gradual increase in median DON concentrations was observed, whereas 
during the same months in 2002 the DON concentration decreased.  During the rest of the 
study period concentrations fluctuated with some months showing little inter-site 
variability (May 2002) whereas other months were highly variable (June 2002).   
 
A wide range of dissolved organic carbon (DOC) concentrations were measured in the 
freshwater samples (8 µM - 575 µM), with a mean concentration of 124 µM.  A clear 
seasonal variation was apparent with spring minima in April and maximum concentrations 
in the autumn (Figure 3.5a).  The timing of the autumn maximum was variable, with 2001 
having a peak in August and autumn 2002 having the highest median DOC in November. Chapter Three – Temporal variations 
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seasonal variation in DOC concentrations.  This observation suggested a decoupling of the 
carbon and nitrogen in dissolved organic matter, which was particularly evident from the 
carbon rich DOM measurements in the winter months.   
 
DON measured in the River Test and estuary was found to be an important fraction of the 
total nitrogen composition.  DON represents the second largest fraction of nitrogen and 
accounts for up to 26 % of the total nitrogen entering the estuary.  Concentrations of DON 
were higher in the estuary than in the River Test, although there was no clear relationship 
between DON and salinity.  The DON load entering the Test estuary was an order of 
magnitude higher than ammonium, and an order of magnitude less than nitrate.  The 
monthly DON load showed different temporal variation to the DIN species, suggesting a 
weaker relationship between DON concentration and flow.  Compared to other previous 
studies of DIN in the Test river there appears to be long term an increase in nitrate 
concentration, which cannot be accounted for by inter-annual fluctuations in the river flow.  
The riverine ammonium load was lower than many other UK and worldwide studies, 
although no account was made for estuarine sewage effluent inputs.   Chapter Four – Spatial variations 
 
 
  107 
Median nitrate concentrations gradually decreased downstream from site 15 to site 4 (1.5 
km north of Redbridge), with a range of 100 µM measured at each sample site (Figure 
4.3a).  A marked decline in the median concentration was observed at site 4 and 2 relative 
to the mid and upper reaches of the study area, and a larger range of concentrations was 
measured than further upstream.  The widest range of concentrations was recorded at site 7 
where nitrate concentrations <310 µM were measured in September and October 2002.   
 
Ammonium concentrations measured in the River Test were consistently <7.5 µM (Figure 
4.3b).  When a concentration less than the limit of detection (0.4 µM) was recorded, this 
was represented as zero.  Although there was no consistent increase or decrease in 
concentrations throughout the study area, a similar range of concentrations was measured 
at all sites.  The range of median ammonium concentration was 0.4 – 7.4 µM and 
fluctuated between sample sites along the length of the river. 
 
An increase in median dissolved organic nitrogen (DON) concentration was observed from 
26 to 42 µM downstream, although there was a decrease at the most downstream point, site 
2 at Redbridge (Figure 4.3c).  Two exceptions to this trend were sites 7 and 13, although 
data from site 7 do not represent the full 18 month survey as only two data values were 
collected.  A marked increase in DON was observed at site 13 relative to site 15, despite 
being only 600 m downstream.  This site was located in an area of intense fish farming and 
data from a parallel channel (site 12) will be discussed further (§4.3.3).   
 
A wide range of dissolved organic carbon (DOC) concentrations was observed, particularly 
in the lower Test at site 2 (Figure 4.4a).  A gradual downstream increase in median DOC 
(from 100 to 175 µM) was observed, similar to that seen for DON (Figure 4.3c), as well as 
elevated median concentrations at site 13.  Median DOC concentrations at site 2 were only 
slightly lower than at site 4. Chapter Four – Spatial variations 
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nitrate was measured at a salinity of 3.9 (site 16) in June 2002 at site 16, when only 48 % 
of the TN at this site comprised nitrate (Figure 4.7).  DON was the second largest 
component of TN and the highest percentages of DON were recorded in the saline 
samples, measuring 39 % and 28 % in September 2001 and October 2002 respectively.  
The two highest tides during the sampling survey occurred these sampling days.  The range 
of TN as DON was between 0 and 50 %, although the mean DON composition was closer 
to 10 %.  
 
The smallest fraction of TN was composed of ammonium, often only 1 % (Figure 4.7).  
Similarities were observed between DON and ammonium composition, as they both 
comprised a higher proportion of TN in the saline compared to the freshwater samples.  No 
obvious spatial variation in the proportion of ammonium was apparent.  Particulate organic 
nitrogen comprised the second smallest fraction of the total nitrogen measured in the 
freshwater and saline samples.  There was little spatial variation throughout the continuum 
with PON comprising only a marginally higher proportion of TN in the saline samples in 
September of both years.  The mean proportion of PON in the samples was 3 %.   
 
The River Test to estuary continuum was established as a nitrate dominated system with 
fractions of ammonium and DON being a larger component of TN in the saline samples.  
Apart from these contrasts between saline and freshwater samples, there was little spatial 
variation in the total nitrogen composition throughout the river to estuary continuum.  
 
The composition of total organic carbon is presented in Figure 4.8 and Figure 4.9.  Some 
spatial variation was also apparent, although the seasonal variation discussed in Chapter 3 
appears to have more influence on the TOC composition.   Chapter Four – Spatial variations 
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fish food, waste products and pest control drugs (Wu, 1995) would contribute ammonium, 
DON and DOC to the system. 
 
The eighteen-month survey from July 2001 to December 2002 was carried out at locations 
above and below the fish farm outfall and concentrations of nitrate, ammonium, DON and 
DOC were measured.  No POC / PON analysis was carried out on samples from site 12, 
therefore only comparisons of the dissolved nutrients are presented.   
 
Nitrate concentrations at sites 12 and 15 are presented in Figure 4.10a for the locations 
below and above the fish farm effluent outfall.  The change in nitrate concentration 
between the two sites is presented in Figure 4.10b with zero indicating no change in 
concentrations downstream, positive values indicating an increase downstream between 
sites 15 and 12, and negative values indicating a decrease.  No consistent increase or 
decrease in nitrate concentrations downstream of the fish farm at Kimbridge was observed.  
This was confirmed by a one sample t-test of the data (p-value 0.27) that showed that there 
was no statistically significant difference (at the 95 % confidence level) between the nitrate 
concentrations at the two sites (Table 4.2).  The change in nitrate concentrations in 
December 2002 appeared anomalous although this may be related to a dilution effect from 
the very high flow conditions at the time of sampling. 
 
Ammonium concentrations measured at sites 12 and 15 varied during the period of the 
survey (Figure 4.10c).  The concentrations in late summer / early autumn of both years 
were very low, at points below the detection limit of the analytical technique.  This meant 
that the change in ammonium concentrations downstream was often small or on some 
occasions no change was recorded.  This was apparent from Figure 4.10d, from which it 
was observed that there was no consistent downstream change in ammonium 
concentrations.  The p-value of 0.74 from the one sample t-test confirmed no statistically 
significant difference between ammonium concentrations at the two sites (Table 4.2).   
 
Concentrations of DON measured at sites 12 and 15 were generally less than 50 µM, 
although concentrations in excess of 100 µM were recorded on four occasions (Figure 
4.11a).  The changes in DON between sites upstream and downstream of the fish farm 
showed no consistent increase or decrease (Figure 4.11b).  The largest increase coincided 
with the high DON measured at site 12 in September and December 2002.  One sample t-Chapter Four – Spatial variations 
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DON concentrations above and below the input from Greenhill STW ranged from 6 to 
100 µM (Figure 4.13a).  An increase in concentration was measured at site 10 compared to 
site 11 on almost every sampling occasion.  This was particularly pronounced in spring and 
summer 2002 (Figure 4.13b), when the increase in DON concentration downstream of the 
effluent input was up to 40 µM.  However, the increase in DON downstream of the STW 
was not significant (p-value = 0.06) at the 95 % confidence level using one sample t-test 
(Table 4.2).   
 
A temporal variation in DOC at sites 10 and 11 was apparent from Figure 4.13c, with 
higher concentrations being measured in late summer/ autumn of both years and the lowest 
concentrations in April and May 2002.  Figure 4.13d shows that for the majority of 
sampling dates there was an increase in DOC concentrations between the two sites.  
However, concentrations of DOC were not statistically different (Table 4.2) at the 95 % 
confidence level, with a p-value of 0.37.  The large decrease of 75 µM between sites 10 
and 11 in November 2002 had a marked influence on this statistical analysis.  If this data 
point is removed as an ‘anomaly’ (may be influenced by dilution effects related to the high 
river flow on this sampling date), the increase in DOC downstream of Greenhill STW 
would be statistically significant (p-value = <0.01) using a one sample t-test at the 95% 
confidence level.  
 
The highest concentration of PON was measured in March and December 2002 (Figure 
4.14a), and it was in these months that the largest increase in PON was recorded between 
sites 10 and 11 (Figure 4.14b).  An increase in PON was measured on the majority of 
sampling dates, with the exception being June 2002 when a marked decrease in PON was 
observed downstream of the STW.  There was no statistically significant relationship (p-
value = 0.69) between the concentrations of PON above and below the effluent input from 
the STW (Table 4.2).  Chapter Four – Spatial variations 
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The range of ammonium concentrations measured at sites 2 and 4 were between 0.4 and 
7.4 µM (Figure 4.15c).  No consistent increase or decrease in ammonium concentrations 
downstream of the salt marshes is apparent from Figure 4.15d.  However, the changes in 
nitrate and ammonium concentrations showed some indication of temporal variation.  The 
change in ammonium concentrations was opposite to that of nitrate.  Exceptionally large 
downstream changes occurred in July and August 2001 (when salinity >0.5 was recorded); 
the main increases were measured downstream of the salt marshes between November 
2001 and February 2002 and repeated in autumn 2002.  Spring and summer 2002 had the 
largest decreases in ammonium concentrations downstream of site 4.  This temporal signal 
in the concentration changes meant that no consistent and statistically significant 
difference was observed between the upstream and downstream sites (p-value = 
0.63)(Table 4.2).   
 
Figure 4.16a presents the DON concentrations at sites 2 and 4.  A lower concentration of 
DON was observed on most sampling dates at site 2, downstream of the salt marshes, 
compared to site 4 upstream.  This decrease was even recorded in February 2002 when 
DON concentrations in excess of 150 µM were measured at both sites.  The decrease in 
DON at site 2, downstream of the salt marshes (Figure 4.16b), was statistically significant 
(p-value = 0.01).  Therefore the decrease in DON concentrations between sites 4 and 2, 
above and below the salt marshes tested using one sample t-test could not be attributed 
solely to random sampling variability (Table 4.2).   
 
The DOC concentrations at sites 2 and 4 ranged from 56 to 645 µM (Figure 4.16c).  
However, on the majority of sampling dates, concentrations were less than 200 µM.  The 
change in DOC concentrations between the two sites was mostly < 100 µM (Figure 4.16d).  
However, in December 2001 and October 2002 a downstream increase in DOC in excess 
of 130 µM was observed.  No statistically significant difference (p-value = 0.57) was 
observed between the DOC concentrations at these two sites.   
 
Figure 4.17a shows no consistent increase or decrease in PON concentrations between sites 
4 and 2.  The change in concentration between these sites was temporally variable (Figure 
4.17b).  An increase in particulate organic nitrogen concentrations was measured 
downstream of site 4 in autumn 2001.  Chapter Four – Spatial variations 
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Nitrate concentrations on most sampling dates in the lower River Test and estuary varied 
linearly with salinity (Figure 4.18).  In September 2002 the mixing at seven sampling sites 
was highly significant (p-value = < 0.001) when compared to the winter mixing line.  The 
highest spring tides occurred in September 2001 and October 2002 and it was in these 
months that the widest range of nitrate concentrations were measured (Appendix A).  The 
lowest neap tides were July 2001 and March 2002; the mixing diagrams for these months 
clearly show a narrow range of salinity in the samples.  Despite the apparently linear 
relationship between nitrate concentration and salinity and good agreement with the winter 
mixing line on most sampling days, nitrate concentrations at some sample sites did not fit 
this pattern.  Nitrate measurements did not conform to the linear mixing of the two water 
bodies, suggesting that removal of nitrate was occurring at these sites.  For example 
concentrations of nitrate at site 6 were lower than the linear mixing line in August, 
November and December 2002.  This was also observed at site 16 in June, August and 
November 2002.  The winter mixing line lay below the dotted line of nutrient mixing 
between September 2001 and February 2002, whereas between May and October 2002 the 
winter mixing line overestimated the actual nutrient concentrations. 
 
Concentrations of ammonium in the inter-tidal reaches of the River Test and estuary are 
presented in Figure 4.19.  Ammonium concentrations showed a positive relationship with 
salinity, indicating that higher concentrations existed in the saline samples than in the 
freshwater samples.  The clearest increases in ammonium with salinity could be observed 
when nutrients were sampled on the highest tides (September 2001 and October 2002).  
Ammonium concentrations tended to lie below the winter mixing line for most months, 
with the exception of July to October 2002 when the highest ammonium concentrations 
were measured.  The most linear change in ammonium concentrations was observed in 
November 2001 and December 2002.  The relationship between ammonium and salinity in 
December 2002 was statistically significant with a p-value of 0.046.   
 
Salinity mixing diagrams for DON in Figure 4.20 show little or no relationship between 
DON concentration and salinity.  A weak relationship was observed during the summer 
and autumn months, particularly in August and November 2002, and appeared to be 
independent of the tidal range.   
 
 Chapter Four – Spatial variations 
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DON and salinity presented in Figure 4.27c shows a non-conservative scatter.  However, 
some indication of a gradual increase in DON with salinity was observed, with the 
exception of the outlier collected at the highest salinity.  However, it could be that there is 
no relationship between salinity and DON concentrations.  DON concentrations recorded 
throughout the sampling day were 40 ± 39 µM.  This concentration range encompasses all 
but the highest DON measurements taken at Redbridge during the tidal cycle. 
 
DOC concentrations during the tidal survey on 24
th July 2001 showed non-conservative 
scatter with salinity (Figure 4.27d).  Although slightly higher DOC concentrations were 
recorded at mid-salinities there was no consistent trend with increasing salinity.  
Concentrations ranged from 325 to 937 µM, the majority of which were higher than the 
mean DOC measured at site 9 (Broadlands) during the same day.   
 
The nutrient concentrations from the tidal survey carried out on 15
th August 2001 were 
also plotted against salinity to investigate whether mixing of the nutrients was conservative 
during the mixing of freshwater and saline water at the fresh-saltwater interface.  The 
nitrate concentrations measured during this mid-day low tide survey were much higher and 
of a narrower range than those observed in July 2001 during the mid-day high tide survey 
(Figure 4.28a).  The nitrate concentrations varied in a similar manner to that seen in the 
tidal survey in July in that during the ebb tide, concentrations being generally lower than 
the calculated mixing line and suggesting that removal of nitrate was occurring.  The mean 
nitrate concentration measured during the tidal survey on the main river channel at 
Broadlands was slightly lower than estimated by the calculated mixing line, although the 
range of concentrations encompassed most of those recorded at Redbridge.  The mean 
concentration measured at site 9 was some 70 µM lower than recorded on 24
th July 2001. 
 
Ammonium concentrations were much lower in the samples collected at Redbridge during 
the mid-day low tide, 15
th August 2001 in comparison to the survey on 24
th July 2001 
(Figure 4.28b).  This may have been due to the July 2001 sampling being carried out 
during higher tides than August 2001.  A gradual decrease in ammonium concentrations 
was observed with salinity during the ebb of the first high tide.  This suggested a near 
conservative relationship between ammonium concentrations and salinity, which was 
confirmed by a calculated mixing line with a p-value of <0.01.   
 
 Chapter Five – Chemical characterisation and bioavailability 
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Albumin was the largest macromolecule used to characterise the 1 kDa filter.  The DON 
concentrations in the permeate were less than 10 µM, which was low compared with the 
initial concentration of 47 µM (Figure 5.2a).  A similar trend was seen in the cytochrome 
C, with an initial concentration of 62 µM and the concentration in the permeate not 
exceeding 8 µM (Figure 5.2c).  This indicated that the 1 kDa filter was retaining the largest 
macromolecules and only a very small amount was able to pass through into the permeate.  
This was confirmed from measurements of DON in the retentate which indicated for both 
albumin (Figure 5.2b) and cytochrome C (Figure 5.2d) that a rapid concentrating of the 
macromolecules occurred as the concentration factor increased.   
 
The smallest nitrogen containing molecule used to calibrate the 1 kDa filter was vitamin B-
12 with a NMW of 1.33 kDa.  The DON concentration in the permeate increased as the 
concentration factor of the retentate increased.  At a concentration factor of 20 vitamin B-
12 in the permeate fraction was almost equal to the initial concentration of vitamin B-12 
prior to ultrafiltration (Figure 5.2e).  A gradual increase in DON concentration was 
observed in the retentate when vitamin B-12 was passed through the 1 kDa filter, however 
concentrations were markedly lower than measured in the retentate for the larger 
macromolecules (Figure 5.2f). 
 
Retention of the largest macromolecules was apparent from the measurements of DOC in 
the retentate and permeates from the 1 kDa filter.  These were very similar to that observed 
for DON.  The concentrations of DOC in the permeate from the albumin (Figure 5.3a) and 
cytochrome C (Figure 5.3b) standards were generally less than 23 µM.  The exception was 
the albumin sample collected from the permeate at a concentration factor of 2.  This was 
ten fold higher than the other permeate values, but it was only a third of the DOC 
concentration measured in the retentate at that time.  The concentrations of DOC in the 
retentate showed a marked increase between the concentration factors 4 and 10 with both 
albumin (Figure 5.3b) and cytochrome (Figure 5.3d).   
 
Concentrations of vitamin B-12 in the 1 kDa permeate were much higher than for albumin 
and cytochrome C (Figure 5.3e).  As observed with the DON, the DOC concentrations in 
the permeate at a concentration factor of 20 were 166 µM, only 9 µM less than the initial 
concentration of vitamin B-12 in the initial solution.  Concentrations in the retentate were 
much lower than measured in the retentate of albumin and cytochrome C (note the Chapter Five – Chemical characterisation and bioavailability 
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different scale on the y-axis).  However, a marked increase in DOC concentrations was 
observed even in the retentate at a concentration factor of 4.   
 
The raffinose molecular size (0.59 kDa) was less than the NMW cut-off of the 1 kDa filter.  
It was anticipated therefore that raffinose would pass through the 1 kDa filter even at a low 
concentration factor.  Figure 5.3g shows that even at a concentration factor of 2, the 
permeate concentrations were equal to those in the initial feed solution.  The concentration 
of DOC in the retentate remained higher than in the permeate even at a concentration 
factor of 20 (Figure 5.3h).  A stable concentration between 220 and 290 µM was obtained 
between the concentration factors of 10 and 20 in both the permeate and retentate fractions. 
 
The same macromolecules were used to characterise the NMW cut-off of the 30 kDa filter.  
Albumin concentrations in the permeate fraction were less than 10 µM, even at the highest 
concentration factors (Figure 5.4a),  whereas the concentration of DON in the retentate 
increased very gradually to a plateau between concentration factors 10 and 20 (Figure 
5.4b).  The albumin appears to have been retained in the retentate by the 30 kDa filter, 
although concentrating of the albumin in the retentate was not as apparent as in the 1 kDa 
retentate. 
 
The cytochrome C was similar to albumin as the permeate concentrations were ten fold 
lower than the initial solution, even at a concentration factor of 20 (Figure 5.4c).  However, 
the concentration in the retentate displayed different characteristics to any trends seen 
previously as the concentration of DON decreased as the concentration factor increased 
(Figure 5.4d).  This suggests that the cytochrome C was neither crossing the filter and 
entering the permeate, nor being retained and concentrated in the retentate fraction.  It can 
only be assumed that the cytochrome C molecules were retained in the 30 kDa filter 
cartridge.   
 
Vitamin B-12 was the smallest nitrogen containing macromolecule used to calibrate the 
30 kDa filter cartridge.  Concentrations of DON in the permeate were generally greater 
than the initial solution (Figure 5.4e).  Similar concentrations were measured in the 
retentate fraction (Figure 5.4f), which suggested that vitamin B-12 permeated the 30 kDa 
filter well.  
 Chapter Five – Chemical characterisation and bioavailability 
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The 30 kDa filter was characterised a second time using DOC measurements from all 4 
macromolecules.  Concentrations of the largest macromolecule, albumin (66 kDa) in the 
permeate were less than 5 % of the initial solution (Figure 5.5a).  The concentration of 
DOC in the permeate increased slightly with increased concentration factor.  The 
concentrations of DOC in the retentate increased more rapidly with the concentration 
factor (Figure 5.5b).  Albumin was unable to cross the 30 kDa filter into the permeate, and 
it therefore became more concentrated in the retentate fraction.   
 
The cytochrome C concentrations of DOC showed a high degree of similarity with the 
trends seen in the DON concentrations.  The permeate concentrations remained low 
compared to the initial solution concentrations, even at the higher concentration factors 
(Figure 5.5c).  In contrast the DOC concentrations in the retentate fraction decreased 
gradually with increasing concentration factor from the initial concentration (Figure 5.5d).  
The cytochrome C concentration in the retentate fraction stabilised at the higher 
concentration factors to two thirds of the initial concentration.  This decrease in initial 
concentration in the retentate was observed from concentrations of both DOC and DON. 
 
It is immediately apparent from Figure 5.5e that vitamin B-12 was not retained by the 
30 kDa filter and therefore entered the permeate.  The concentrations in the permeate 
(170 µM) even at the lowest concentration factor of 2 were greater than in the initial 
solution (158 µM).  The concentrations of vitamin B-12 in the retentate were fairly stable 
even as the concentration factor increased (Figure 5.5f).  The concentrating of the 
macromolecule as observed for albumin was not observed for vitamin B-12 in the retentate 
fraction.   
 
Raffinose was the smallest macromolecule used to characterise the 30 kDa filter.  The 
concentrations in the permeate were generally equal to the initial concentrations in the 
initial solution (Figure 5.5g).  The exception was at concentration factor 4 when a higher 
concentration of raffinose was measured in the permeate than recorded in the initial 
solution.  The concentrations of raffinose in the retentate did not change with concentration 
factor (Figure 5.5h).  
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retained by the 30 kDa filter just as efficiently as the albumin.  This suggested that the 30 
kDa filter had a lower NMW cut-off than suggested by the manufacturers (i.e. < 12 kDa).  
Vitamin B-12 had retention coefficients of <1 %, it seems that the majority of these 
macromolecules were able to pass through the 30 kDa filter into the permeate fraction.   
 
A graphical representation of the retention coefficients from Table 5.2 is presented in 
Figure 5.6.  Retention coefficients for the 1 kDa filter show a sharp increase between the 
1.33 and 12 kDa NMW cut-offs (Figure 5.6a).  This increased further for DOC and 
decreased slightly for DON at the 66 kDa NMW.  The DON retention coefficient was 
consistently lower than the DOC, particularly at the higher NMW cut-offs.  The 30 kDa 
filter showed a pattern, with carbon again having the highest retention coefficient at the 
highest NMW cut-off.  Again the nitrogen retention coefficient decreased slightly with the 
66 kDa molecules whereas the carbon increased marginally.  The reason why a higher 
retention coefficient was observed for DOC relative to DON is unclear.  Although the 
retention coefficient for DOC was consistently higher, the difference was more distinct 
from the 1 kDa than 30 kDa filter, indicating that the 1 kDa cut-off was less clearly defined 
using a combination of DOC and DON than the 30 kDa filter cut-off. 
 
It cannot be assumed, therefore, that the NMW cut-off indicated by the manufacturers are 
exact for a specific ultrafiltration cartridge.  It is therefore important to carry out these 
calibration experiments with a range of macromolecules to characterise fully the filters.  
The conclusion from these experiments is that the 1 kDa filter actually has a cut-off 
>1.33 kDa and the 30 kDa has a cut-off <12 kDa.  Further characterisation would be 
required to define these further.  As it is not possible to define the filter cut-offs more 
precisely, procedural consistency has been obtained therefore by using the same filters 
throughout the experiments, making the approach repeatable.  For the remainder of this 
study it will be assumed that the two filters have clearly separate NMW cut-offs between 
1.33 and 12 kDa, therefore enabling the separation of low (LMW) <1 kDa, high (HMW) 1 
– 30 kDa and very high (VHMW) >30 kDa molecular weight fractions of DOM.  Chapter Five – Chemical characterisation and bioavailability 
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concentration on 4
th December 2003 was 374 µM.  Some 51 % was composed of HMW 
(192 µM) and 42 % LMW material (156 µM).  The VHMW DOC made up the smallest 
fraction comprising only 26 µM which was 7 % of the total (Figure 5.11d). 
 
The DON concentration at site 4 on 14
th January was 27 µM (Figure 5.11e).  This was 
composed of 20 µM LMW which was the largest fraction (74 %), 5 µM VHMW (19 %) 
and the smallest fraction (7 %) was HMW composed of 2 µ M DON.  The DOC 
concentration in the sample collected on 14
th January 2004 was 607 µM, of which 411 µm 
(68 %) was composed of LMW material (Figure 5.11f).  Similar to the molecular size 
composition of the DON, the highest concentration was in this LMW fraction.  The HMW 
fraction contained 183 µM DOC (30 %).  The smallest molecular size fraction of DOC 
(2 %) was the VHMW material; this had a concentration of 14 µM.   
 
Molecular size fractions of the DON in the sample collected on 22
nd January 2004 could 
not be properly determined due to the error of the calculation method; the concentrations of 
DON appeared to be negative (Figure 5.11g).  Although analyses were repeated as 
indicated in Chapter 2 the concentrations for DON appeared to remain negative.  The 
concentration of DOC in the water sample collected at site 4 was 168 µ M (Figure 5.11h).  
The composition of the DOC when separated according to molecular size fractions was 
different to the sample collected on 14
th January 2004.  The highest concentration of DOC 
(89 µM) was measured in the HMW fraction (51 %) and the lowest concentration was in 
the VHMW fraction (7 %).   
 
The DON in the river sample collected on 29
th January was also negligible and little 
difference was apparent in the concentrations of DON in the HMW and VHMW size 
fractions (Figure 5.11i).  The total concentration of DOC in the sample collected on 29
th 
January was 181 µM.  This was similar to that collected a week earlier, and a third of that 
measured on 14
th January (Figure 5.11j).  The lowest concentration of DOC was recorded 
in the VHMW fraction (1 %) and the concentrations in the HMW (48 %) and LMW (51 %) 
fractions were similar at 87 and 93 µM respectively.   
 
 
 
 
 Chapter Five – Chemical characterisation and bioavailability 
 
 
  197   
bacterial abundance to virtually no bacteria on day 1, and then the bacterial abundance 
proceeded to increase gradually from day 1 to a peak on day 6.  None of the nine flasks 
during the 6 day incubation grew bacteria back to the initial abundance in the inoculum. 
 
There was a high degree of consistency between the bacterial abundances measured in 
replicate flasks throughout the incubation.  On days 0 and 1 it was not possible to 
differentiate clearly which molecular size fractions contained the highest bacterial 
abundances.  The separation became  clearer by day 3 and a particularly high bacterial 
abundance was recorded in the 0.2 µm replicate 3 flask, although this was not replicated in 
the two other incubation flasks of the same molecular size fraction.   
 
The last bacterial bioassay using water collected on 29
th January 2004 was once again very 
different to the other two sampling dates (Figure 5.12c).  There was an increase in the 
bacterial abundance in the 0.2 and 1 kDa flasks from between days 0 and 1, although a 
slight decrease was observed in the 30 kDa flasks.  By day 3 a rapid increase in bacterial 
abundance had been recorded to a peak bacterial abundance in all flasks, which had not 
been observed in the other two incubation experiments.   
 
The third bacterial bioassay had the greatest degree of variation between the replicate 
bacterial abundances from the same molecular size fractions.  The bacterial abundances on 
day 0 had a high degree of agreement despite a large error associated with bacterial 
abundance in individual flasks (Figure 5.12c).  However, by day 1 the greatest bacterial 
abundances were recorded in the 0.2 µm filtered river water, this was also observed on day 
3.  There was no clear separation between these and the flasks containing the other two 
molecular size fractions, as there was a high degree of similarity between the range of 
bacterial abundances in the replicate flasks containing the 1 and 30 kDa permeate.  Chapter six - Conclusions 
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of inputs to estuaries. It is also advised that international agreements are amended to 
acknowledge the importance of DON to the total nitrogen load entering coastal areas. 
 
Finally it has been shown from this study that temporal variations are observed in the 
molecular size composition of DON and DOC in the River Test.  The current research was 
limited to an investigating of the composition in winter months.  Changes in DOC and 
DON molecular size composition may be apparent from monthly size fractionation 
experiments, which could be used to investigate temporal changes in the bioavailability of 
DOM to bacteria and micro algae in the river and estuarine system. 